Supplementary Text Alicyclic compounds in reduced SIO Pier DOM.
It was previously reported that for a terrestrial DOM sample, the most abundant reduction products were attributed to three different series of alicyclic hydrocarbons (12) . To arrive at this conclusion a systematic evaluation was conducted with model compounds containing different types of functional groups. These compounds were reduced using the same protocol as described here and the number, composition, and yield of the product(s) of these reactions were then used in combination to interpret the outcome of the PPL-DOM reduction. First, during the reaction most organic compounds are reduced completely to hydrocarbons. Second, the chemical formula (based on molecular ions, M + ) of reduced hydrocarbons indicated unsaturation in the form of rings or double bonds. Third, double bonds were found to be stable to the reduction only in alicyclic (ring) systems. In reduced terrestrial DOM, as with marine PPL-DOM, each observed series contained a multitude of compounds with the same degree of unsaturation (equal to the sum of rings and double bonds), but varied in overall size. In both types of samples the most prominent series contained hydrocarbons with two degrees of unsaturation, which were attributed to either hydrocarbons with an alicyclic ring and double bond, or bicyclic hydrocarbons. Exact chemical structures could not be supported by mass spectra alone.
Observed isomeric diversity in reduction products and relation to carotenoid precursors.
The highly unsaturated tail of carotenoid molecules is consistent with the remarkable isomeric diversity of reduction products. Using molecular ions (M + ) detected for several compounds it was possible to define regions of the chromatogram that contained compositionally related molecules. For example, all molecules within the C12H22 region, indicated by a dotted ellipse, had mass spectra with identical molecular ions ( Fig. 1 ). Regions to the left and right are offset (-/+) by 14 Da (a difference of CH2), resulting in isomers of the chemical formula C11H20 and C13H24 respectively. The multiply unsaturated and branched carotenoid cleavage products ( Fig. 1 ) must be highly oxidized at different locations to be consistent with NMR data. Some rearrangement of the carotenoid carbon skeleton either in native DOM or during the reduction cannot be ruled out. Previously, the reduction mechanism was shown to produce isomers from certain types of model compounds (Chart 1 and Fig. 1 in 12) . However, the extensive 2D elution space occupied by these isomers confirmed the presence of multiple isomers in native DOM samples (i.e., progressively larger contiguous carbon skeletons that could not be an artifact of the reduction). fig. S2 , which were reduced to confirm the structure and retention time of compounds identified in reduced environmental PPL-DOM samples. Both sets of compounds, "Observed in CDP" and "Model compounds," would produce identical reduction products (as shown by the arrow). It is likely that reduction products (right hand side) observed in CDP and PPL-DOM were derived from the parent CDP compounds. However, as shown above, different starting compounds can produce identical hydrocarbon backbones during the reduction. Therefore, starting compounds in CDP and PPL-DOM could be structurally distinct.
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Model compounds bond (A, B) and multiple bond (C, D) 1 H-13 C correlations for Terpenoid-rich and bulk PPL-DOM, respectively. The bracketed region in (A) and (B) identifies methyl and methylene regions. In B, the proton resonances of methyl carbons (purple) showed a slightly narrower distribution, which was in part due to the prominent loss of methyl associated with acetate (9). Removing amino acids and carbohydrates from the bulk fraction also impacted the NMR spectrum. For example, arrow a highlights the likely removal of alpha protons of amino acids; arrow b identifies the likely removal of anomeric protons associated with carbohydrates. Some signals did remain in these regions and indicated either incomplete removal of carbohydrates and/or the presence of other oxidized aliphatic functional groups. Region VI is where coupling between OnCHm and double bonds would be expected if the main chain was only partially hydroxylated. Green region and structure highlights long range correlations between methyl and hydroxylated carbon. (C) Long range 1 H-13 C correlations between hydroxylated and partially carboxylated carotene (red, region VII). Blue boxes identifying missing resonances as described in the caption. The intact, fully oxidized structures presented are used to generate model NMR data. However, as confirmed by GC data, a complex mixture of smaller oxygenated products with different chain lengths is likely more representative of the DOM sample.
